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Abstract

The study assessed the effect of various forms of sulphur (Na2S2O3, elemental S and
Na2SO4) and nitrogen (UAN-30, NH4NO3) on calcium and magnesium content and uptake
in spring wheat and cocksfoot. A two-year pot experiment was conducted on soil material
of clayey silt granulometric composition. Before the experiment, the soil was characterized
by slight acidity and low content of assimilable forms of phosphorus, potassium, magne-
sium and sulphur. The results show that the experimental factors caused noticeable varia-
tion in the content and uptake of calcium and magnesium in spring wheat and cocksfoot.
Among the sulphur fertilizers, the greatest increase in calcium and magnesium content
and uptake was produced by application of sodium sulphate. The increase in calcium and
magnesium uptake was more marked in the case of plants fertilized with nitrogen in the
form of ammonium nitrate. The effect of nitrogen fertilization on the analyzed parameters
also depended on the species of plant. Wheat grown in the series with ammonium nitrate
was characterized by higher Ca and Mg content and uptake than plants fertilized with
nitrogen in the form of liquid UAN 30. Calcium uptake by wheat fertilized with NH4NO3
was on average 15% higher for grain and 9% higher for straw compared to wheat fertili-
zed with UAN 30. As for magnesium, the increase was 24.5% and 18%, respectively. Con-
cerning cocksfoot, fertilization with UAN 30 had a greater affect on content and uptake
of the analyzed nutrients than ammonium nitrate.
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WP£YW RÓ¯NYCH FORM SIARKI I AZOTU NA ZAWARTOŒÆ ORAZ POBRANIE
WAPNIA I MAGNEZU PRZEZ PSZENICÊ JAR¥ (TRITICUM AESTIVUM L.)

I KUPKÓWKÊ POSPOLIT¥ (DACTYLIS GLOMERATA L.)

Abstrakt

W pracy oceniono wp³yw ró¿nych form siarki (Na2S2O3, S el. i Na2SO4) i azotu (RSM-
-30, NH4NO3) na zawartoœæ i pobranie wapnia i magnezu przez pszenicê jar¹ i kupkówkê
pospolit¹. Dwuletnie doœwiadczenie wazonowe przeprowadzono na materiale glebowym
o sk³adzie granulometrycznym py³u ilastego. Gleba przed doœwiadczeniem charakteryzowa-
³a siê lekko kwaœnym odczynem oraz nisk¹ zawartoœci¹ przyswajalnych form fosforu, pota-
su, magnezu i siarki. Wykazano, ¿e czynniki doœwiadczalne widocznie zró¿nicowa³y zawar-
toœæ i pobranie wapnia i magnezu przez pszenicê jar¹ i kupkówkê pospolit¹. Spoœród
nawozów siarkowych najwiêkszy wzrost zawartoœci i pobrania wapnia oraz magnezu przez
roœliny spowodowa³o zastosowanie siarczanu sodu. Wzrost pobrania wapnia i magnezu by³
bardziej wyraŸny w przypadku roœlin nawo¿onych azotem w postaci saletry amonowej.
Wp³yw nawo¿enia azotem na analizowane parametry by³ tak¿e uzale¿niony od gatunku
uprawianej roœliny. Pszenica uprawiana w serii z saletr¹ amonow¹ charakteryzowa³a siê
wy¿sz¹ zawartoœci¹ oraz pobraniem Ca i Mg w porównaniu z wartoœciami uzyskanymi dla
roœlin nawo¿onych azotem w formie p³ynnego nawozu RSM-30. Pobranie wapnia przez psze-
nicê w obiektach NH4NO3 by³o œrednio o 15% wiêksze w przypadku ziarna i o 9% w przy-
padku s³omy w porównaniu z obiektami nawo¿onymi RSM-30. W przypadku magnezu
wzrost ten wynosi³ odpowiednio 24,5 i 18%. W przypadku kupkówki, nawo¿enie RSM-30
w wiêkszym stopniu ni¿ saletr¹ amonow¹ wp³ywa³o na zawartoœæ i pobranie analizowanych
sk³adników przez roœliny.

S ³ o w a  k l u c z o w e : zawartoœæ wapnia, zawartoœæ magnezu, pobranie, forma siarki,
nawo¿enie azotem, pszenica jara, kupkówka pospolita.

INTRODUCTION

Calcium is an essential nutrient for the proper growth and development
of plants (ADCOCK et al. 2001). Magnesium is a component of plant tissues
serving various physiological functions. Supplying plants with appropriate
amounts of these macroelements is essential for the quantity and quality
of yields. The literature indicates that fertilization with sulphur affects the
uptake and utilization of nutrients by plants, including calcium and magne-
sium (MCGRATH et al. 1996), while sulphur deficiency can significantly limit
their utilization of other nutrients (SEPÚLVEDA et al. 1993, LOŠÁK et al. 2000).
At the same time, excess sulphur generally has a negative effect on the
chemical composition of plants and acts antagonistically to uptake of certain
ions (SKWIERAWSKA et al. 2006b). Appropriate nitrogen fertilization is also nec-
essary for proper plant production. The amount and form of fertilizer
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applied are important as well (HOWARD et al. 2002). Hence, the aim of this
study was to determine the effect of various forms of sulphur and nitrogen
on calcium and magnesium content and uptake in spring wheat and
cocksfoot.

MATERIALS AND METHODS

The study was based on plant material obtained in a two-year strict pot
experiment conducted on soil material taken from the arable layer of brown
soil of clayey silt granulometric composition. The soil was characterized by
slight acidity and low content of assimilable forms of phosphorus, potassi-
um, magnesium and sulphur.

The experiment was set up in a completely randomized design. There
were two variables: the form of nitrogen fertilizer and the form of sulphur.
Nitrogen was applied in the form of UAN 30 (urea ammonium nitrate solu-
tion) and NH4NO3 (granular form), and three forms of sulphur were used –
Na2S2O3, elemental S and anhydrous Na2SO4. The fertilizers were applied
according to the scheme in Table 1. Sulphur in the form of Na2S2O3 and
Na2SO4 was applied in liquid form, and elemental sulphur was added in
solid form. Before weighted portions were measured out, the granules were
pulverized in an agate mortar.

This paper concerns the effect of the experimental factors on calcium
and magnesium content and uptake by spring wheat (Ismena variety) and
cocksfoot (Bepro variety). Nitrogen was applied to plants in the amount
of 0.14 g N⋅kg-1 soil, and sulphur in the amount of 0.025 g S⋅kg-1 soil. Half
of the nitrogen was applied before sowing, and the remainder after the plants
were thinned to an optimal number in a pot. After fully mature wheat (straw
and grain) and cocksfoot were harvested, calcium and magnesium content
in average samples was determined using atomic absorption spectrometry
(Hitachi Z-8200). Uptake of these elements by the plants was calculated based
on the content of these nutrients and the yield during the vegetative period.

RESULTS AND DISCUSSION

Calcium and magnesium content and uptake in dry mass of the test
plants depended on the experimental factors applied, the species and organ
of the plant, and in the case of cocksfoot, on when it was harvested
(Table 1).

Calcium content in wheat grain ranged from 0.92 to 1.32 g Ca⋅kg-1.
A decrease in calcium content caused by sulphur fertilization was noted
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in wheat fertilized with UAN 30 + Na2S2O3 and UAN 30 + elemental S,
where grain contained 10% less of this nutrient than in objects without
sulphur. In the object with UAN 30 and sulphur applied in the form of sodium
sulphate, however, no clear change in calcium content was noted in wheat
grain. A more marked increase, 33% on average, was observed in the calci-
um content of spring wheat grain in all of the plants fertilized with ammo-
nium nitrate and sulphur. SKWIERAWSKA et al. (2006b) also noted an increase
in calcium content in the grain of cereal crops after application of sulphur in
the form of sulphate and elemental S compared with objects without sul-
phur. Calcium content in wheat straw was higher than in the grain, ranging
from 4.32 to 5.12 g Ca⋅kg-1. An increase in Ca content in dry mass of straw
was noted in all objects to which sulphur was added, averaging 10.5%, com-
pared with plants which were not fertilized with this nutrient. Calcium con-
tent was higher in the dry mass of the first cut of cocksfoot, ranging from
8.00 to 10.23 g Ca⋅kg-1, while in the plants from the second cut it ranged
from 7.12 to 9.71 g Ca⋅kg-1. A slight decrease in calcium content in this
plant was only observed in the object with NH4NO3+ elemental S, both in
the first and second cuts. In the remaining objects, calcium content in dry
mass of cocksfoot increased when sulphur was added.

In plants from most of the objects to which sulphur was applied, magne-
sium was higher than in the objects without sulphur. As in the case
of calcium, the greatest increase in magnesium content in dry mass of the
test plants occurred when sulphur was applied in the form of sodium sul-
phate. On the other hand, a marked decrease in magnesium content was
observed in grain of wheat fertilized with NH4NO3 + elemental S and in
cocksfoot hay from the first cut in the objects with UAN 30 + elemental S.
Lower magnesium content was noted in the second cut of cocksfoot ferti-
lized with elemental S, irrespective of the form of nitrogen applied.

The effect of nitrogen fertilizer on magnesium and calcium content in
the test plants did not show a clear tendency. In the case of wheat, in some
of the objects application of nitrogen in the form of ammonium nitrate was
associated with an increase in calcium content compared with analogous
objects in the series with nitrogen applied in the form of UAN 30. However,
application of UAN 30 was associated with higher calcium content in the
dry mass of the plants, both in grain of wheat that was not fertilized with
sulphur and in cocksfoot, compared with the objects fertilized with NH4NO3.

Magnesium content in the grain and straw of spring wheat in objects
where the nitrogen source was ammonium nitrate was about 15-18% higher
than where UAN 30 was used. The dry mass of cocksfoot from most of the
objects with nitrogen in the form of NH4NO3 also contained more magnesi-
um than in objects with UAN 30. CHERNEY et al. (2004) also observed that
nitrogen fertilizer in the form of ammonium nitrate stimulated an increase
in magnesium content in plants.
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Sulphur fertilization caused a marked increase in calcium and magnesi-
um uptake with the yield of both test plants. The most marked increase in
uptake of these nutrients compared to the objects without sulphur was ob-
served where its source was sodium sulphate. It seems likely that the pres-
ence of sulphate ions in the soil facilitated uptake of magnesium ions (BRO-
DOWSKA, KACZOR 2005). It should be added that the increase in calcium and
magnesium uptake in these objects was more marked in the series in which
nitrogen was applied in the form of ammonium nitrate than in the objects
fertilized with UAN 30. The results obtained are confirmed by studies by
other authors (SKWIERAWSKA et al. 2006a, b), who found that fertilization with
sulphur increased total magnesium and calcium uptake by plants. The in-
crease in uptake of these nutrients by wheat and cocksfoot is partly due to
the effect of sulphur on yield of crop plants (KACZOR, BRODOWSKA 2005, 2009).

The effect of nitrogen application on calcium and magnesium uptake by
the test plants was varied, as in the study by KOC and SZYMCZYK (2001). Re-
garding wheat (grain and straw), nitrogen in the form of NH4NO3 stimulat-
ed greater uptake of these elements than UAN 30. Calcium uptake by wheat
fertilized with NH4NO3 was on average 15% higher in the case of grain and
9% higher in the case of straw, compared to objects fertilized with UAN 30.
Concerning magnesium, the increase was 24.5% and 18%, respectively.

The effect of nitrogen fertilization on calcium and magnesium uptake by
cocksfoot was the reverse of its effect on spring wheat. The first cut
of cocksfoot took up on average 18% more calcium with the yield of plants
fertilized with UAN 30 compared with analogous objects fertilized with am-
monium nitrate. With respect to the second cut, the difference was 21%.
Magnesium uptake by cocksfoot from the series with UAN 30, harvested in
the second cut, was on average 18.5% higher than in plants fertilized with
ammonium nitrate. Therefore, it can be firmly concluded that in objects
fertilized with nitrogen in the form of UAN 30 calcium and magnesium
uptake by cocksfoot was higher than in the case of NH4NO3. The only ex-
ception to this rule was magnesium uptake by plants from the first cut
of cocksfoot fertilized with elemental sulphur and Na2SO4.

CONCLUSIONS

1. Fertilization with sulphur in the form of Na2SO4 caused the most
marked increase in calcium and magnesium content in dry mass of the test
plants.

2. Ca and Mg content in dry mass of spring wheat was higher in objects
with nitrogen supplied in the form of ammonium nitrate, while in the case
of cocksfoot, in objects fertilized with UAN 30.
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3. Application of sulphur, especially in the form of sodium sulphate,
caused an increase in uptake of the analyzed elements by spring wheat
(straw and grain) and cocksfoot (both cuts).

4. Ca and Mg uptake by spring wheat was higher in the series fertilized
with ammonium nitrate, while uptake by cocksfoot was higher in objects
in which nitrogen was supplied in the form of UAN 30.
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